We study the gravitomagnetic (Lense-Thirring) precession of the trajectory (approximated by a geodesic) of a star orbiting a supermassive rotating (Kerr) black hole. We do not assume any particular value for the eccentricity or inclination of the orbit or the angular momentum of the black hole. We also discuss the periodicity related to the relativistic shift of the pericenter.
INTRODUCTION AND MOTIVATION
It is widely accepted that supermassive black holes (SBH) are located in cores of active galaxies and quasars (Begelman, Blandford & Rees 1984; Shlosman, Begelman & Frank 1990 ). The mass of the SBH is usually estimated to be in the range M 10 6 {10 11 M : Anomalous energy output of active galactic nuclei (AGN) may result from an accretion process: the matter is attracted from the surroundings of AGN or it comes from tidally disrupted stars passing too close to the SBH. The accretion disk is formed and the matter eventually falls onto the black hole. Although this scenario can be called standard, the evidence for both accretion disks and SBH in AGN is only indirect (Frank, King & Raine 1985; Blandford, Netzer & Woltjer 1990; Falcke et al. 1993) . The best evidence comes from studies of the central surface brightness of the nuclei, stellar velocity dispersion, spatial distribution of stars and X-ray emission Sargent et al. 1978; Binney & Tremaine 1987; Dressler & Richstone 1988 Kormendy 1988a, b; Halpern & Filippenko 1988; Dressler 1989) . General relativistic e ects may have important consequences for the axial symmetry and stability of accretion disks (Bardeen & Petterson 1975; Abramowicz 1987) . However, the presence of black holes in AGN is largely masked by violent plasma processes in the surrounding medium. Electromagnetic models of energy extraction assume that the SBH rotates (Blandford & Znajek 1977; Macdonald & Thorne 1982; Phinney 1983; and references cited therein). In this scenario, the energy of an AGN comes, at least partially, from the rotational energy of the SBH. Evolution of the angular momentum of the black hole under such process was studied by Park & Vishniac (1991) . It appears that the angular momentum determines the energy output of the AGN in a nontrivial manner, with the maximum at some particular value (Bi c ak & Jani s 1985) . Unfortunately, it is unclear how the value of the angular momentum of the SBH could be determined by an independent observation. The present paper deals with this problem.
It has been proposed that a star could be captured in a bound orbit around the SBH by the tidal distortion and associated dissipation of energy (Fabian, Pringle & Rees 1975; Frank & Rees 1976; Press & Teukolsky 1977; Lee & Ostriker 1986; Rees 1988) , tidal disruption of a binary star (Hills 1988) or a cluster (Novikov, Pethick & Polnarev 1992) , or by cumulative e ects of interactions with an accretion disk (Syer, Clarke & Rees 1991) . Various aspects of star-disk collisions were studied by Ostriker (1983) , Zentsova (1983) , Syer et al. (1991) , Zurek, Siemiginowska & Colgate (1992) , Sikora & Begelman (1992) and Vokrouhlick y & . We assumed that the SBH forms such a binary system with a low mass star in an orbit inclined with respect to the plane of an accretion disk. The disk is presumably thin and its axis is aligned with the rotation axis of the black hole (Bardeen & Petterson 1975; Kumar & Pringle 1985) but the model can easily be generalized to a more complicated geometry. Radiation from the disk is periodically modulated each time the star crosses the disk. We did not attempt to specify any particular mechanism of the modulation. We also ignored secular changes of the orbital parameters of the star due to collisions with the disk and corresponding contributions of the collisions to the precession frequency. We concentrated on a gravitomagnetically induced precession of the orbit of the star. This precession is a general relativistic e ect; it occurs if the central black hole rotates and it becomes important when the star revolves close to it. In particular we attempted to pick up relevant frequencies in the power spectrum of the simulated signal which are independent of very complex and poorly understood details of the star-disk interaction. Given the model of interaction our approach can easily be adapted. We took into account all the relativistic e ects a ecting the motion and energy of photons arriving from the source to a distant observer.
We assume that the star moves along a geodesic around a Kerr black hole. The gravitomagnetic e ect was originally treated by Lense & Thirring (1918) in the weak-eld limit and by Wilkins (1972) in the case of a spherical orbit, r = const, around a black hole with the extreme value of the angular momentum parameter, a = 1: According to our knowledge, a generalization to an eccentric and inclined orbit around a black hole with arbitrary value of parameter a 2 (0; 1) has not yet been discussed in the literature. As a consequence of the gravitomagnetic e ect, orbital nodes are dragged in the sense of rotation of the black hole. This dragging a ects the position of the source with respect to a distant observer. We try to extract the information which might help us to determine whether the central SBH rotates or not|provided other details of star-disk collisions are known. The weak-eld limit of the angular velocity of the gravitomagnetic dragging is LT ' 4 10 5 M M a r 3 s ?1 ;
(1) where r and a are the radius of the orbit and the angular momentum parameter of SBH measured in dimensionless geometrized units, r = 6:7 10 ?4 (r=1 cm): Several experiments to con rm the dragging e ect in the limit of a weak gravitational eld have been proposed but they have not been carried out as yet (Everitt 1974; Braginskij, Polnarev & Thorne 1984; Ciufolini 1986 ). The strong eld regime of the spin-orbital interaction is also intensively investigated for a relatively broad class of gravity theories within the framework of the parametrised post-Keplerian formalism. The main applications of this approach are directed at the interpretation of the binary pulsar data (e.g. Damour & Taylor 1992) .
Though not yet con rmed by direct observations, the gravitomagnetic e ect is considered as a rm consequence of general relativity. In the strongeld region close to the black hole the gravitomagnetic precession depends on four parameters|the pericenter distance of the orbit, eccentricity of the orbit, inclination with respect to the equatorial plane of the black hole, and, of course, the angular momentum parameter. The above mentioned processes of tidal interaction can set the star on an initially very eccentric trajectory and we therefore could not restrict ourselves to circular orbits. Star-disk collisions (Syer et al. 1991; Vokrouhlick y & Karas 1993) , tidal e ects (Press, Wiita & Smarr 1975; Lecar, Wheeler & McKee 1976; Boyle & Walker 1986; Zahn 1977 and Zahn & Bouchet 1989; Tassoul 1988 ) and gravitational radiation (Peters & Mathews 1963; Zeldovich & Novikov 1971) tend to gradually circularize the elliptic orbit, however. Naturally, these e ects modify the precession frequency, but we assumed that the star is a dwarf or a low-mass compact object and ignored the corrections. We also ignore all possible e ects of the magnetic eld on the space-time geometry. For the discussion of exact solutions of Einstein-Maxwell equations describing a black hole in a magnetic eld cf. Ernst (1976) , Karas (1991) , Manko & Sibgatullin (1992) , and references cited therein.
In other words, we ignored all e ects which could induce the precession of the star's orbit except the gravitomagnetic e ect. We believe it is an appropriate approach in solving the problem if these e ects (like star-disk interactions or gravitational radiation) are also weak. We will discuss other e ects elsewhere so that the whole subject is treated in steps.
We determined the value of the precession frequency (or alternatively the nodal shift per one revolution, ) by direct integration of the geodesic equation in terms of elliptic integrals. Gravitational radiation losses can be neglected provided the change of the energy is small; for a circular orbit with energy E one obtains the dimensionless estimate (e.g. Rees, Ru ni & Wheeler 1974) j _ E j grav 6:4 M
where M ? is the mass of the star. Suppose we estimate M; r and an upper limit on the change of orbital period _ P from observation. Then equation (2) provides us with the upper limit on the mass of the companion star cf. Sikora & Begelman (1992) and King & Done (1993) for the application to NGC 6814]. Analogously, if R ? is the radius of the star one can obtain a constraint on the pericenter distance R p which is based on the tidal limit (Carter & Luminet 1983; Luminet & Marck 1985; Rees 1988) :
This paper is organized as follows. In Section 2 we derive the azimuthal shift of orbital nodes. An unambiguous value can only be given in the case of spherical trajectories. The shift oscillates between the maximum and the minimum values, max and min ; if the orbit is eccentric. We de ne a suitable probability distribution for and compute, numerically, a mean value h i which determines the gravitomagnetic precession averaged over a large number of revolutions of the star on an eccentric trajectory around the SBH. Corresponding formulas are rather complex and, therefore, we also present a table of numerical values in Appendix. In Section 3 we present simple examples to illustrate how the gravitomagnetic frequency could be extracted from observational data. (In the present contribution, we use simulated data from a simple model rather than real data.) Naturally, the frequency cannot be too small so that the data cover at least several periods if the e ect is to be detectable. The estimate of the time interval between successive collisions with the disk see eq. (20) below] leads us to assume that the star crosses the accretion disk near the horizon (typically a few tens of the gravitational radius of the SBH) in the region where the collisions can modulate the disk radiation in the optical/X-ray bands. Possible physical mechanisms for the modulation were discussed by Mushotzky (1982) , Guilbert, Fabian & Ross (1982) and Zentsova (1985) . The ux of radiation is modulated by the orbital period (short time-scale) and by the perihelion shift and the Lense-Thirring period (longer time-scale). In order to compute observable e ects we consider both the time delay and the focusing of photons coming from the disk region to a distant observer. The focusing e ect strongly enhances the in uence of the Lense-Thirring precession for observers with large inclination (edge on, with respect to the accretion disk). Finally, we apply the model to the case of the Seyfert galaxy NGC 6814. Periodic modulation of the X-ray emission from this galaxy has been con rmed on the time-scale 12; 200 s (Mittaz & Branduardi-Raymont 1989; Fiore, Massaro & Barone 1992; Done et al. 1992) and possible mechanisms were proposed by several authors (Abramowicz et al. 1989 and Done et al. 1991; Honma et al. 1991; Wallinder 1991 and Abramowicz 1992; Bao 1992a, b; Sikora & Begelman 1992; Rees 1993; Vio et al. 1993; King & Done 1993 ).
PRECESSION FREQUENCY|DETAILS OF THE CALCULATION
2.1 Gravitomagnetic precession Geodesic motion in the Kerr space-time can be integrated in terms of elliptic integrals (Carter 1968) . The appropriate form can be found in Vokrouhlick y & . We use the standard notation for the Kerr metric (Bardeen 1973) and we refer the reader not familiar with the Kerr metric to this reference. We assume that the motion of the star is quasi-elliptic with the pericenter outside the black hole horizon, r = R + 1+ p 1 ? a 2 ; and with positive energy, 0 < E < 1: The locations of the pericenter r = R p and the apocenter r = R a coincide with the two upper roots of the polynomial R(r) = (E 2 ? 1)r 4 + 2r 3 + (E 2 ? 1)a 2 ? 2 ? Q r 2 + 2Kr ? a 2 Q; (4) where E ?p t ; p and K are the usual constants of motion, Q K +( ? aE) 2 : In our case, all roots of R(r) are real. We denote them by R a R p R 3 R 4 ; R 3 > R + : Other possible combinations|e.g. two complex conjugated roots|are excluded by our previous assumptions on energy and location of the pericenter above the horizon (Stewart & Walker 1973) . We further assume that the star periodically crosses the equatorial plane, = =2; latitudal motion is restricted by j cos j ? ; where ? is the lower of the two positive roots of the polynomial ( ) = a 2 ? 1 ? E 2 4 ? Q + a 2 ? 1 ? E 2 + 2 2 + Q;
(5) For r R + one can interpret arccos ? as the inclination of stellar orbit.
A non-equatorial geodesic around a rotating black hole is not planar; intersections with the = =2 plane are dragged in the sense of rotation. At rst, we apply the mapping r; ; t; sign(_ r)] n ?! r; ; t; sign(_ r)] n+1 (6) which expresses coordinates of the (n+1)-st intersection in terms of coordinates of the previous, n-th intersection with the equatorial plane. The azimuthal shift of the orbital node per one revolution is then de ned by = n+2 ? n ? 2 (7) ( -coordinate is not restricted to h0; 2 i in this convention). One can nd 
F('; k) is the incomplete elliptic integral of the rst kind, K(k) F( =2; k) is the corresponding complete integral and sn(u; k) is the Jacobian elliptic function (e.g. Byrd & Friedman 1971; Gradshteyn & Ryzhik 1980) . Analogously, ('; n; k) is the elliptic integral of the third kind. In equations (8) 
and (n; k) ( =2; n; k):Ĩ r ;Ĩ ;J r andK r ; in equations (12), (14) and (15) are the integration constants. They depend on the number of turning points in r-coordinate between successive intersections with the equatorial plane (m) and on the sign of the radial velocity sign(_ r)] at the intersections. For example,
(18) Further details of the derivation are given in Appendix of Vokrouhlick y & where the orbits under consideration are called the \Case II orbits."
The above expressions can be considerably simpli ed in the special case of spherical orbits with r-coordinate constant. (It can be seen that r = const orbits do satisfy the geodesic equation due to integrability and separability of the geodesic motion in the Kerr spacetime; Chandrasekhar 1983). The gravitomagnetic precession of the spherical orbits around an extreme (a = 1) Kerr black hole was studied by Wilkins (1972) . One can generalize his results to the case of spherical orbits r R s = const with an arbitrary value of the angular momentum parameter, j a j< 1. Taking into account equation (9) 
Setting a = 0 in equations (19){(20) one arrives at = 0 and P = 2 R 3=2 s which corresponds to Keplerian motion with vanishing nodal shift in the Schwarzschild metric, as expected. On the other hand, if a 6 = 0 the dominant term in the asymptotic expansion of equation (19) for r ?! 1 coincides with the well-known result of Lense & Thirring (1918) : = 2 aR ?3=2 s . The dependence of period P on the inclination is only weak and equation (20) can be approximated by its value for equatorial orbits:
P 2 r 3=2 a ;
where +=? signs correspond to direct/retrograde orbits with respect to the rotating SBH. Analogously, the nodal shift of spherical polar orbits ( = 0) can be obtained from equation (19) with ? = 1: Polar orbits were studied by Stoghianidis & Tsoubelis (1987) .
Motion of the pericenter
In the present paper we are mainly interested in the frequency of the gravitomagnetic precession. In the data, however, there will also be present a periodicity associated with another relativistic e ect|the pericenter shift. We thus need to estimate the corresponding precession frequency P : In the Schwarzschild case P = =P; An analogous e ect of the pericenter shift can be expected in the Kerr case, too. Now, however, there is no unambiguous value of P because the orbit does not remain planar and the pericenter shift is mixed up with the gravitomagnetic precession. We calculate P numerically by applying the mapping algorithm (6) for the r-coordinate over a large number of revolutions of the star around the SBH.
2.3. The mean value of the precession frequencies A speci c value of the nodal shift and corresponding precession frequency can only be associated with spherical orbits. In this case is speci ed by equation (19) with three parameters|a; ? and R s : The case of a quasi-elliptic orbit with nonzero eccentricity requires knowledge of four parameters. The appropriate parameters are a; ? ; pericenter distance R p ; and eccentricity e (R a ? R p )=(R a + R p ): The nodal shift oscillates between the maximum and the minimum values, max and min : Figures 1 and 2 show the graphs of (r) for some typical values of the parameters (here r denotes the radius of the intersection with the equatorial plane). For practical purposes one needs the mean value of the shift which characterizes an average taken over a large number of revolutions. We de ne h i = Z Ra Rp (x) P(x) jE; ;Q;a dx; (26) where P(r) is the probability distribution for the radial coordinate of the intersections of the speci ed trajectory with the disk. P is normalized to unity, R P(x) dx = 1: We applied the following numerical procedure for evaluating equation (26): (i) at rst, for a given set of orbital parameters (E; ; Q), we constructed the probability distribution by following the course of an ensemble of orbits with identical orbital parameters and randomly chosen initial conditions; (ii) then we applied equation (7) and performed the integration in equation (26). The resulting values of the mean nodal shift are tabulated in the Appendix. One can see that the dispersion is often quite small and the mean value is a satisfactory approximation to the current value of ; except for very close orbits.
Analogously to h i; we introduce the mean orbital period hPi of an eccentric orbit and we calculate h P i by applying the mapping algorithm (6) for the rcoordinate over a large number of revolutions of the star around the SBH.
3. NUMERICAL MODELS 3.1. Simple examples In this Section we will show how the relativistic precession becomes evident in a simulated signal from the source. We take into account general relativistic e ects on photons coming from the source to the observer with no approximation. The method for integrating light trajectories in the Kerr metric has been discussed by many authors (Cunningham & Bardeen 1973; de Felice, Nobili & Calvani 1974; Cunningham 1975 and Asaoka 1989) . We employ an ecient approach described by Karas, Vokrouhlick y & Polnarev 1992. We do not include the noise component which is of course present in a real signal. The reason is that the form of the noise depends on its particular model and it does not a ect the periodicities we are interested in. The way to account for the noise in the synthetic light curve is straightforward, in principle, if one adopts a speci c model of its origin. Such a model can be based on mechanisms proposed by Moskalik & Sikora 1986 , Chagelishvili, Lominadze & Rogava 1989 , or Baring 1992 .
The position of a distant observer is characterized by his inclination o with respect to the symmetry axis. We assume that the star-disk collisions modulate the disk radiation at the moment when the star crashes through the disk from the far side to the near side with respect to the observer, i.e. once per revolution. The light travel time to the observer depends on the location of the intersection and it is thus periodically a ected by the precession. Frequencies corresponding to the periodic modulation of the signal are evident in the Fourier transform of arrival times.
The lensing e ect enhances the radiation when the source is behind the black hole and thus contributes to the periodic modulation of the signal. As an alternative to previously described Fourier transform of arrival times, one can detect relevant frequencies in the power spectrum of the photometric radiative ux. However, in this alternative approach the input signal for the Fourier transform depends on the model of the star-disk interaction (see below). We assume, for simplicity, that the shape of the observed signal from successive collisions has always an identical pro le: a sharp onset and then an exponential decrease of the local luminosity in the static frame or, alternatively, in the disk co-rotating frame. In the latter case both the lensing and the Doppler e ect contribute to the signal strength. Figure 3 is an example of typical light curves. We assumed a spherical orbit, r = 6; around a nearly-extreme Kerr black hole. It is not clear whether such a close orbit is astrophysically realistic because the process of capture is not well understood (Rees 1993) . A more plausible con guration is treated in the next paragraph.
The basic frequency in the power spectrum of the observed signal corresponds to the orbital motion. One can detect two fundamental lines in the power spectrum. The rst line at higher frequency o = 2 =P; see equation (20)] corresponds to the orbital motion and the second one at lower frequency LT ; see equation (21)] corresponds to the gravitomagnetic precession. Figure 4 shows the normalized power spectrum of the light curve from the previous Figure, strictly speaking the coe cient of spectral correlation as de ned by Ferraz-Mello (1981) . The power spectrum contains also linear combinations of fundamental frequencies.
The shape of the light curve naturally depends on the particular model and position of the observer, however, we expect that identical periodicities caused by the precession of the orbit will be present in the signal independently of the details. The power spectrum constructed from arrival times has a simple form. In Figure 5 we applied the Fourier transform on time intervals elapsed between successive ares in the light curve. Now, the shape of the spectrum is determined by orbital parameters of the star and angular momentum of the SBH but it depends only very weakly on other details of the model|decay time of the are, viewing angle of the observer, etc. This advantageous property is easy to understand because the arrival times of successive ares are directly related to the precession of the orbit and we thus avoid the model-dependent features in the light curve.
As mentioned above, several e ects tend to circularize the orbit of the star and for this reason spherical orbits are of special interest. However, the star can initially be captured in an eccentric orbit. Therefore, we also considered the case of quasi-elliptic orbits (e 6 = 0): The pericenter shift reveals itself as another line in the power spectrum. In Figure 6 one can detect lines corresponding to the orbital motion ( o ); the gravitomagnetic precession ( LT ); and the pericenter shift ( P ): The gravitomagnetic precession disappears in the Schwarzschild case and the power spectrum of an eccentric orbit is then rather similar to the case of a spherical orbit near a Kerr black hole. To distinguish between the both extreme cases one needs an independent estimate of the radius and eccentricity of the orbit (Figure 7 ).
The case of NGC 6814
At present there is no generally accepted explanation of the periodicity observed in the X-ray ux from the Seyfert galaxy NGC 6814. Among the most promising models are those which relate the periodicity to the orbital motion of some object (unspeci ed for the time being) around the SBH. These models can in a natural way deal with the enormous stability of the period over several years. (For a discussion of di erent mechanisms which have been proposed in the literature see, e.g., Abramowicz 1992 .) The model of a star colliding with an accretion disk has been considered as a viable model (Syer et al. 1991; Sikora & Begelman 1992; Rees 1993) . The basic periodicity at approximately 12,200 s is interpreted as the orbital period of the star. It is a straightforward conclusion that if the SBH rotates then another periodicity associated with the gravitomagnetic e ect should be present in the signal. This conclusion is independent of the unknown details of the star-disk interaction and it only assumes a nonzero viewing angle. Data which are currently available do not cover su ciently long interval of time to reveal additional periodicities besides the basic one. For this reason we were unable to give a de nitive conclusion about the general relativistic precession in NGC 6814. This could be changed if data from ROSAT also show up the periodic component. However, already now one can see that the model of star-disk interactions faces serious di culties (see below). Considering the time scale of the periodicity of NGC 6814 and the estimate of the black hole mass one can writeP = 4:038 10 ?4 M 6 hPi; P LT =P 2 h i ; whereP andP LT are measured in units of 12,200 s and M 6 M=(10 6 M ): Assuming e 0;P 1 and M 6 1; one can estimate the radius of the orbit to be R s = (394 a) 2=3 53:7 : The periods associated with the gravitomagnetic precession and the pericenter shift are thus substantially longer than the orbital one, although one should remember that the estimate of the mass of the SBH in NGC 6814 and consequently the above value of R s are rather uncertain (Bao 1992b ); h i can be estimated from the tables which are given in Appendix.
We constructed the predicted light curve in the way described in Fig. 3 and compared main frequencies in the power spectrum with those in observational data. The eccentricity was assumed to be limited to a very small value by the e ects of orbital circularization; the low eccentricity is also required by the phase stability of the light curve, as discussed below. As a consequence, the dependence of P on e can be ignored. Also the inclination of the orbit is a free parameter but the dependence of all relevant frequencies on ? is very weak. One can see that the period related to the pericenter shift is in the range 16P <P P < 20P (the lower limit corresponds to a = 0, the upper limit corresponds to a ?! 1). Time scales related to both the orbital motion and the pericenter shift are signi cantly shorter than the one related to the gravitomagnetic precession,P LT > 215P (indicated value is the lower limit corresponding to a ?! 1).
We considered the scenario in which the X-ray ares are associated with bright spots in the disk corona occurring in the place where the star crashes through the disk. After their creation the spots subsequently rotate with the disk matter, radiate with decreasing luminosity in their local frame, and eventually disappear after several revolutions. As the spots rotate, their radiation is periodically enhanced by the lensing e ect which causes secondary maxima in the light curve. Secondary maxima can also be related to the event of the star crashing through the disk in the direction away from the observer. By comparing the EXOSAT (Mittaz & Branduardi-Raymont 1989; Fiore et al. 1992) and Ginga (Done et al. 1992 ) folded light curves, Abramowicz et al. (1993) demonstrated that the phase of important peaks in the light curve remains remarkably stable. This fact imposes strong restrictions on the model and if it is con rmed one can conclude that the constant phase of individual patterns in the light curve can only be understood if the black hole does not rotate and the orbit of the star is nearly circular. The change in the shape of the light curve is then related to instabilities in the accretion process which a ect the structure of the disk. A signi cant change in the accretion rate is evident from the change of the X-ray ux of NGC 6814 during the interval between the EXOSAT and Ginga observations.
The peaks in the light curve are not regularly spaced. Within the framework of the discussed model it is very di cult to understand this non-regular (but constant in time) distribution of phases of the peaks in the light curve which has been reported at di erent ranges of energy. We remind that one of the peaks in the light curve is, according to the above model, associated with the creation of a bright spot at the moment of the star-disk collision. Subsequent peaks are gravitationally lensed images of the orbiting spot. These two mechanisms|star-disk interaction and lensing|are necessary because we deal with non-regular spacing of the peaks. The peaks originating by di erent mechanisms should very probably be distinguishable by comparing light curves at di erent energies. The distinction is not apparent in data, nevertheless, the model can de nitively be ruled out only if the physics of X-ray ares in the disk corona is well understood; this subject is beyond the scope of the present paper. Further restrictions on the model come from the limits on _ P derived from the studies of the e ects of gravitational radiation and star-disk collisions (King & Done 1993) . Alternative explanations of the ares are based either on occultations of the central disk regions by matter ejected in the star-disk collisions or interaction of ejected matter with a jet. Within such models we need more data to restrict the angular momentum of the SBH and the eccentricity of the orbit, but these models face even more severe problems with the relatively narrow width of the pro le of the peaks in the light curve and they require a precisely tuned inclination of the stellar orbit.
CONCLUSIONS
We considered the general relativistic precession of a star orbiting a super-massive black hole and colliding with an accretion disk in the nucleus of an AGN. We derived formulae for the azimuthal shift due to the gravitomagnetic precession and perihelion shift during the free (geodesic) part of motion between subsequent interactions with the accretion disk. No restrictions on the orbital parameters and the black hole angular momentum were imposed except that they describe a stable bound trajectory around the Kerr black hole. Within the framework of this model our results restrict possible values of the angular momentum of the central black hole. To illustrate the precession e ect, we adopted a simpli ed model of the star-disk interaction and we determined relevant frequencies in the power spectrum of the observed signal. Both types of the relativistic precession which are relevant for our problem|the precession related to the pericenter shift and the gravitomagnetic (Lense-Thirring) precession|expose themselves clearly in the power spectrum. We found the analysis of arrival times conceptually more trivial and at the same time more advantageous than the analysis of the complete photometric curve.
Our conjecture is that the typical character of the power spectrum will remain conserved at some level in astrophysically more realistic models of the interaction. Such an assumption is well-founded provided the orbital parameters of the star are not changed signi cantly during several periods associated with the precession motion ( o LT ; P ): More realistic models must include the e ects of tidal interactions, gravitational radiation and star-disk collisions on the orbital parameters (the work in preparation).
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APPENDIX
We tabulate the azimuthal shift of orbital nodes due to the gravitomagnetic precession. The three tables correspond to a = 0:33 (Table 1) , a = 0:67 (Table 2), and a = 1 (Table 3 ). In the tables, R p denotes the pericenter distance in units of the gravitational radius R + , e is the eccentricity of the orbit, and ? is the parameter characterizing inclination in the asymptotic region, r R + see equation (5) for spherical orbits (r = const; e = 0) we obtain max = h i = min ; In this case, h i is given by equation (19). An ellipsis \: : :" in Table 3 The long-term modulation of the light curve (three main peaks) is due to the gravitomagnetic precession (angular frequency LT ): The case (b) is for a nonrotating black hole and an eccentric trajectory (e = 0:25; R p = 40): Now the modulation is due to the pericenter shift and it has a di erent period which is given by h P i: 
